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1
VOLTAGE LEVEL SHIFTER

CROSS-REFERENCE TO RELAT.
APPLICATION

T
.

The present application claims the priority of U.S. Provi-

sional Application No. 61/7477,728, filed Dec. 31, 2012, the
disclosure of which 1s incorporated herein by reference 1n 1ts
entirety.

FIELD

The present disclosure 1s related to a voltage level shifter.

BACKGROUND

Existing voltage level shifters have various shortcomings.
For example, 1n one approach, the level shifter shiits a voltage
level of a high logical value of a signal, but does not shiit a
voltage level of a low logical value. In some situations, tran-
sistors 1n the level shifter sutfer from an electrical over stress
(EOS) and cause a time dependent dielectric breakdown
(TDDB). To improve the situations, a bias circuit 1s added to
provide a constant bias to the level shufter. The additional bias
circuit 1s not favored, however. Further, EOS and TDDB
i1ssues remain in the level shifter 1n a different form.

BRIEF DESCRIPTION OF THE DRAWINGS

The details of one or more embodiments of the disclosure
are set forth 1n the accompanying drawings and the descrip-
tion below. Other features and advantages will be apparent
from the description, drawings, and claims.

FI1G. 1 1s a diagram of a voltage level shifter, 1n accordance
with some embodiments.

FIGS. 2 and 3 are diagrams of circuits that use the voltage
level shifter in FIG. 1, 1n accordance with some embodiments.

Like reference symbols in the various drawings indicate
like elements.

DETAILED DESCRIPTION

Embodiments, or examples, 1llustrated 1n the drawings are
disclosed below using specific language. It will nevertheless
be understood that the embodiments and examples are not
intended to be limiting. Any alterations and modifications 1n
the disclosed embodiments, and any further applications of
the principles disclosed 1n this document are contemplated as
would normally occur to one of ordinary skill 1in the pertinent
art.

Some embodiments have one or a combination of the fol-
lowing features and/or advantages. In some embodiments, a
voltage level shifter uses core transistors and generates volt-
ages for use by both core transistors and input-output (10)
transistors. The voltage level shifter does not generate static
currents.

For illustration, a circuit that performs a particular function
1s called a principle circuit. In some embodiments, the prin-
ciple circuit includes a core portion and an 10 portion. The
core portion uses core transistors while the 10 portion uses 10
transistors. 10 transistors in the 10 portion are used as an
interface between circuits in the core portion and circuits
outside of the principle circuit. In some embodiments, a gate
oxide of an 1O transistor 1s thicker than a gate oxide of a core
transistor.

In some embodiments, 1n a VDD domain, signals switch
between a reference supply voltage VSS and a supply voltage
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VDD. Further, in some embodiments, reference supply volt-
age VSS 1s 0 V or ground. In contrast, in a VDDH domain,

signals switch between voltage VDD and a high voltage
VDDH higher than voltage VDD or between ground and high
voltage VDDH. In some embodiments, voltage VDD 1s for
use by core transistors, and 1s about 0.8 V, while voltage
VDDH 1s for used by 10 transistors, and 1s about 1.6 V. Other
values of supply voltages VDD and/or VDDH are within the
scope of various embodiments.

For simplicity, a source terminal, a gate terminal, and a
drain terminal of a transistor are called a source, a gate, and a
drain, respectively.

Voltage Level Shifter

FIG. 1 1s a diagram of a level shifter 100, in accordance
with some embodiments. For illustration, voltages VSDP20,
VSDP30, VSDP40, and VSDP50 are each a voltage drop
across a source and a drain of PMOS transistors P20, P30,
P40, and P50, respectively. Further, voltages VGSP20,
VGSP30, VGSP40, and VGSP50 are each a voltage drop
across a gate and the source of PMOS transistors P20, P30,
P40, and P30, respectively. Similarly, voltages VIDSN20,
VDSN30, VDSN40, and VDSN50 are each a voltage drop
across a drain and a source of NMOS transistors N20, N30,
N40, and N50, respectively. Further, voltages VGSN20,
VGSN30, VGSN40, and VSGNS0 are each a voltage drop
across a gate and the source of NMOS transistors N20, N30,
N40, and N30, respectively.

Level shifter 100 recerves an input voltage VIN 1n the VDD
domain, and generates output voltages VO1,VO2, and VO3 1n
the VDD, VDDH, and VDDH domains, respectively. For
example, voltage VIN switches between O V or ground and
supply voltage VDD. Voltage VO1 switches between OV and
supply voltage VDD. Output voltage VO2 switches between
0 V and supply voltage VDDH, and output voltage VO3
switches between supply voltage VDD and supply voltage
VDDH. For illustrations, voltages VO1,VO2, and VO3 are on
nodes NO1, NO2, and NO3, respectively. Nodes NO1, NO2,
and NO3 are not labeled.

An mverter INV 110 1s formed by a PMOS transistor P10
and an NMOS transistor N10. A source of PMOS transistor
P10 receives supply voltage VDD. A drain of PMOS transis-
tor P10 1s coupled with a drain of NMOS transistor N10, and
provides a voltage VOIVN, which 1s a logical mverse of
voltage VIN. Inverter INV 110 functions in the VDD domain
because both input voltage VIN and output voltage VOINV
switch between 0 V and voltage VDD. Inverter INV 110 1s
used for illustration. Other circuits providing voltage VOINV
in the VDD domain are within the scope of various embodi-
ments.

A capacitor C1 provides a capacitive coupling of voltage
VOINYV and a voltage VLI1 on anode NLI1 (not labeled). For
example, capacitor C1 receives voltage VOIVN switching
between 0V and VDD. Based on operations of capacitor C1,
voltage VDD at a source of PMOS transistor P10, and voltage
VDDH at a source of PMOS transistor P20, capacitor C1
generates voltage VLI1 switching between voltage VDD and
voltage VDDH. In some embodiments, a value of capacitor
C1 1s selected to be much greater than capacitance seen at
node NLI1. For example, a value of capacitor C1 1s about ten
times a value of the capacitance seen at node NLI1.

A capacitor C2 provides a capacitive coupling of voltage
VOINYV and a voltage VLLI2 on anode NLI2 (not labeled). For
example, capacitor C2 receives voltage VOIVN switching
between 0V and VDD. Based on operations of capacitor C2,

voltage VDD at the source of PMOS transistor P10, and 0V
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at a source of NMOS transistor N20, capacitor C2 generates
voltage VLI2 switching between 0 V and VDD. In some
embodiments, a value of capacitor C2 1s selected to be much
greater than a capacitance seen at the source of transistor N30.
For example, a value of capacitor C2 1s about ten times a value

of the capacitance seen at the source of transistor N30.
A driver circuit DRVR 130 includes a first latch LTCH 115,

a protection circuit 120, and a second latch LTCH 125. With
reference to first latch LTCH 115, sources of transistors P20
and P30 receive voltage VDDH. A drain of transistor P20 1s
coupled with a gate of transistor P30, and functions as node
NLI1 and node NO3 having voltage VO3. A drain of transistor
P30 1s coupled with a gate of transistor P20. By operations of
latch LTCH 115, when transistor P20 is on, transistor P30 1s
olf, and vice versa. For example, when voltage VLI1, which s
also voltage VO3, 1s at voltage VDD, voltage VGSP30 1s at
VDD-VDDH, and transistor P30 1s turned on. As a result, the
drain of transistor P30 1s pulled to voltage VDDH at the
source of transistor P30. The gate of transistor P20 coupled
with the drain of transistor P30 1s therefore also at voltage
VDDH. As a result, voltage VGSP20 1s at VDDH-VDDH or
0V. Transistor P20 1s therefore off. Similarly, when the source
of transistor P30 1s at voltage VDD, for example, transistor
P20 1s on, and transistor P30 1s off in a manner similar to
transistor P30 being on and transistor P20 being off.

With reference to second latch LTCH 125, sources of tran-
sistors N20 and N30 recetve reference supply voltage VSS
(not labeled) or ground. A drain of transistor N20 1s coupled
with a gate of transistor N30, and functions as node NLI2 and
node NO1 having a voltage VO1. A drain of transistor N30 1s
coupled with a gate of transistor N20. By operations of latch
['TCH 125, when transistor N20 1s on, transistor N30 1s off,
and vice versa. For example, when voltage VLI2 1s at voltage
VDD, voltage VO1 1s also at voltage VDD. Voltage VGSN30
1s therefore at voltage VDD, and transistor N30 1s turned on.
As aresult, the drain of transistor N30 1s pulled to OV at the
source of transistor N30. The gate of transistor N20 coupled
with the drain of transistor N30 1s therefore also O V. As a
result, voltage VGSN20 15 O V. Transistor N20 1s therefore off.
Similarly, when a drain of transistor N30 1s at voltage VDD,
transistor N20 1s on, and transistor N30 1s off 1n a similar
manner as transistor N30 being on and transistor N20 being
off.

In some embodiments, when voltage VLI2 1s at voltage
VDD, voltage VLI2 continues to be substantially at voltage
VDD even 1f node NLI2 1s electrically disconnected from
capacitor C2, such as 1n a direct current (DC) situation. For
example, even when transistors P40 and N40 are off, there 1s
a leakage current through transistors P40 and N40. In such a
situation, voltage VDDH at the source of transistor P20, resis-
tors of transistors P20, P40, N40, and N20 function as a
voltage divider to keep voltage VLI2 substantially at voltage
VDD.

Protection circuit PRO 120 includes PMOS transistors
P40, P50 and NMOS transistors N40, N50. Gates of transis-
tors P40, P50, N40, and N50 are coupled together, and receive
a voltage Vbias. Based on voltage Vbias, voltage VLI1, and
voltage VLI2, transistors P40 and N40 are turned on and off
such that each of voltage VSDP20 and voltage VDSN20 does
not exceed a corresponding maximum predetermined voltage
value. As a result, transistors P20 and N20 are protected from
an electrical breakdown. For example, without protection
circuit PRO 120, when voltage VSDP20 reaches beyond a
maximum allowable voltage, transistor P20 1s damaged.
Similarly, when voltage VDSN20 reaches beyond a maxi-
mum allowable voltage value, transistor N20 1s damaged.
Further, based on voltage Vbias, voltage VO3, and voltage
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VO1, transistors P50 and N50 are turned on and off such that
cach of voltage VSDP30 and voltage VDSN30 does not
exceed a corresponding predetermined maximum voltage
value. As a result, transistors P30 and N30 are protected from
an electrical breakdown.

In some embodiments, a minimum value of voltage Vbias
1s determined to be VDSN20+VGSN40, and a maximum

value of voltage Vbias 1s determined to be VHHD-VSDP20-
VGSP40. Further, simulation 1s performed within the mini-
mum value and the maximum value of voltage Vbias to select
a value for voltage Vbias such that transistors P20, N20, P30
and N30 do not breakdown. In some embodiments, voltage
Vbias 1s set at VDD or ¥2 VDDH.

When at least one of transistors P40 and N40 1s off, PMOS
transistor P20 1s electrically disconnected from NMOS tran-
sistor N20. Effectively, PMOS transistor P20 1s electrically
disconnected from voltage VSS at the source of transistor
N20. Because the source of transistor P20 1s VDDH, and the
minimum value of voltage VLI1 1s voltage VDD, voltage
VSDP20 1s at most VDDH-VDD, which, in some embodi-
ments, 1s less than a maximum value predetermined for volt-
age VSDP20. As a result, transistor P20 1s protected. Simi-
larly, NMOS transistor N20 is electrically disconnected from
high voltage VDDH at the source of PMOS transistor P20.
Because the maximum value of voltage VLI2 at the drain of
transistor N20 1s voltage VDD, and the source of transistor
N201s 0V, voltage VDSN20 1s at most VDD, which, 1n some
embodiments, 1s less than a maximum value predetermined
for voltage VDSN20. As a result, transistor N20 1s protected.

In contrast, when both transistors P40 and N40 are turned
on,

VSDP20=VDDH-(VSDPA0O+VDSNAO+VIDSN20), and

VDSN20=VDDH-(VSDP20+VSDPAO+VDSNA4O)

In some embodiments, transistors P40 and N40 are
selected such that VDDH-(VSDP40+VDSN40+VDSN20) 1s
less than the maximum value predetermined for voltage
VSDP20 and VDDH-(VSDP20+VSDP40+VDSN40) 1s less
than the maximum value predetermined for voltage VDSN20.
As a result, both transistors P20 and N20 are protected.

Circuit PRO 120 1s used for illustration. Other circuits
functioning to protect transistors P20 and N20 are within the
scope ol various embodiments. For example, in some
embodiments, one or a plurality of diodes connected in series
1s used in place of transistors P40 and N40. Based on a
predetermined maximum value for voltage VSDP20, a pre-
determined maximum value for voltage VDSN20, the voltage
drop across each diode, a number of diodes 1s selected to
protect transistors P20 and N20. In other words, the number
of diodes 1s selected such that voltage VSDP20 and voltage
VDSN20 are each less than a corresponding maximum pre-
determined voltage value. In some embodiments, a transistor
configured as a diode 1s used 1n place of a diode. In some
embodiments, one or a plurality of diodes connected 1n series
1s also used 1n place of transistors P50 and N50 to protect
transistors P30 and N30 in a manner similar to protecting
transistors P20 and N20.

In some embodiments, transistors P30, P50, N50, and N30
are configured such that both transistors P30 and P50 are on or
oil at the same time. For example, when voltage VLI1 at the
gate of transistor P30 1s at voltage VDD, transistor P30 1s on.
As aresult, the drain of transistor P30 coupled with the source
of transistor P30 are at voltage VDDH at the source of tran-
sistor P30. As a result, voltage VGSP50 1s VDD-VDDH, and
transistor P50 1s on. Effectively, both transistors P30 and P30
are on at the same time. In contrast, when voltage VLI 1s at
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voltage VDDH, transistor P30 1s off, and causes transistor
P50 to function as an open circuit or to be turned off. Effec-

tively, both transistors P30 and P50 are off at the same time.

Similarly, in some embodiments, both transistors N30 and
N30 are on or off at the same time. For example, when voltage
VLI2 1s at voltage VDD, transistor N30 1s turned on. The drain
of transistor N30 coupled with the source of transistor N50 1s
at O V at the source of transistor N30. Further, voltage
VGSN50 1s VDD, and transistor N50 1s therefore on. Effec-
tively, both transistors N30 and N30 are on at the same time.
In contrast, when voltage VLI2 1s OV, transistor N30 1s turned
off, and causes transistor N50 to function as an open circuit or
to be turned off. Effectively, both transistors NS0 and N30 are
oif at the same time.

Further, when PMOS transistors P30 and P50 are on,
NMOS transistors N50 and N30 are off, and vice versa. For
example, when voltage VLLI1 1s at voltage VDD, voltage VL2
1s at 0 V. Because voltage VLI1 1s at voltage VDD, transistor
P30 1s on. Because transistor P30 1s on, transistor P50 1s also
on as explained above. In contrast, because voltage VLI2 1s at
0 V, transistor N30 1s off. Because transistor N30 1s off,
transistor N30 1s also off as explained above. Effectively,
when both transistors P30 and P50 are on, both transistors
N30 and N30 are off. In contrast, when voltage VLI1 1s at
voltage VDDH, voltage VLI2 1s at voltage VDD. Because
voltage VLI1 1s at voltage VDDH, transistor P30 1s off.
Because transistor P30 1s off, transistor P50 1s also off as
explained above. In contrast, because voltage VLI2 1s at volt-
age VDD, transistor N30 1s on. Because transistor N30 1s on,
transistor N50 1s also on as explained above. Effectively,
when both transistors P30 and P50 are oftf, both transistors
N30 and N30 are on.

When PMOS transistors P30 and P50 are on and NMOS
transistors N30 and N30 are off, by operations of PMOS
transistors P30 and P50, voltage VO2 1s substantially the
same as voltage VDDH at the source of PMOS transistor P30.
In contrast, when NMOS transistors N30 and N50 are on and
PMOS ftransistors P50 and P30 are off, by operations of
NMOS transistors N50 and N30, voltage VO2 1s substantially
the same as voltage VSS or ground at the source of NMOS
transistor N30. Effectively, voltage VO2 switches between
voltage VDDH at the source of PMOS transistor P30 and 0V
at the source of NMOS transistor N30.

Applications of Circuit 100

FIG. 2 1s a diagram of a circuit 200, 1n accordance with
some embodiments. Circuit 200 uses circuit 100 i FIG. 1 to
drive a post driver circuit PDRVR 220. For simplicity, various
details of circuit 100 are not labeled.

In the context of circuit 200, driver DRVR 130 of circuit
100 1s called a pre-driver. Post driver PDRVR 220 1s driven by
pre-driver DRVR 130 of circuit 100.

Post driver PDRVR 220 includes a PMOS transistor P230,
a PMOS transistor P250, an NMOS transistor N250, and an
NMOS transistor N230, which correspond to PMOS transis-
tor P30, PMOS transistor P50, NMOS transistor N50, and
NMOS transistor N30 of FIG. 1, respectively. For example, a
source of transistor P230 recerves voltage VDDH. A gate of
transistor P230 receives voltage VO3 of circuit 100. A drain of
transistor P230 1s coupled with a source of transistor P250. A
gate of transistor P250 1s coupled with a gate of transistor
N250, and recerves a bias voltage Vbias20. A drain of tran-
sistor P250 1s coupled with a drain of transistor N250, and
provides an output voltage VO20 for circuit 200. A source of
transistor N250 1s coupled with a drain of transistor N230. A
gate of transistor N230 receives voltage VO1 of circuit 100. A
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source of transistor N230 receives voltage VSS or ground. In
some embodiments, voltage Vbias20 1s set to VDD or 4
VHHD.

In some embodiments, sizes of transistors in post driver
PDRVR 220 are larger than sizes of transistors in driver
DRVR 130, and are selected based on a load of circuit 200 that
1s coupled with a node NO20 (not labeled) having voltage
V0O20. Other sizes of post driver PDRVR 220 are within the
scope of various embodiments.

Similar to transistors P30, P50, N50, and N30 1n circuit
100, transistors P250 and N250 are to protect transistors P230
and N230 from an electrical breakdown. Transistors P250 and
N250 are thus form a protection circuit. In some embodi-
ments, both PMOS transistors P230 and P250 are on or off at
the same time, and both transistors NMOS N250 and N230
are on or off at the same time. Additionally, when PMOS
transistors P230 and P250 are on, NMOS transistors N250
and N230 are off, and vice versa. Effectively, voltage VO20
switches between 0V and voltage VDDH 1n the same manner
as voltage VO2 of circuit 100 switching between 0 V and
voltage VDDH.

FIG. 3 1s a diagram of a circuit 300, in accordance with
some embodiments. Circuit 300 1ncludes a predetermined
number N of pre-drivers 330-1 to 330-N. For simplicity, each
of pre-driver DRVR 330-1 to DRVR 330-N 1s called a pre-
driver DRVR 330. Compared with circuit 200, circuit 300
includes more than one pre-driver DRVR 330 while circuit
200 1ncludes one pre-driver 130.

For simplicity, various circuit elements of inverter INV
110, of each pre-driver DRVR 330, and of post driver PDRVR

220 are not labeled.

Each pre-driver DRVR 330 drives another pre-driver
DRVR 330 or drives post driver PDRVR 220. For example,
pre-driver DRVR 330-1 drives pre-driver DRVR 330-2, pre-
driver DRVR 330-2 dnives pre-driver DRVR 330-3, pre-
driver DRVR 330-3 drives pre-driver DRVR 330-4, etc., and
pre-driver DRVR 330-N drives post driver PDRVR 220.

In some embodiments, node NO3 having voltage VO3 of a
first pre-driver DRVR 330 1s coupled with node NIL1 having
voltage VIL1 of a second pre-driver DRVR 330 that 1s driven
by the first pre-driver DRVR 330. For example, node NO3 of
pre-driver 330-1 1s coupled with node NIL1 of pre-driver
330-2, node NO3 of pre-driver 330-2 1s coupled with node
NIL1 of pre-driver DRVR 330-3, etc. Node NO3 of pre-driver
330-N 1s coupled with the gate of PMOS transistor P230 of
post driver PDRVR 220. Similarly, node NO1 of pre-driver
330-1 1s coupled with node NIL2 of pre-driver 330-2, node
NO1 of pre-driver 330-2 1s coupled with node NIL2 of pre-
driver DRVR 330-3, etc. Node NO1 of pre-driver 330-N 1s
coupled with the gate of NMOS transistor N230 of post driver
PDRVR 220.

Each pre-driver DRVR 330 includes circuit elements cor-
responding to and being configured in the same manner as
circuit elements in pre-driver DRVR 130 of FIG. 1. For
example, each pre-driver DRVR 330 includes PMOS transis-
tors corresponding to and being configured 1n the same man-
ner as PMOS transistors P20, P30, P40, and P50 in FIG. 1.
Each pre-driver DRVR 330 also includes NMOS transistors
corresponding to and being configured 1n the same manner as
NMOS transistors N20, N30, N40, and N50. In some embodi-
ments, not all pre-drivers DRVR 330-1 to DRVR 330-N have
the same configuration.

In some embodiments, sizes of transistors 1 a first pre-
driver DRVR 330 are smaller than sizes of corresponding
transistors in a second pre-driver DRVR 330 that 1s driven by
the first pre-driver DRVR 330. In some embodiments, sizes of
transistors in the second pre-driver DRVR 330 are about twice
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the sizes of corresponding transistors in the first pre-driver.
For example, sizes of transistors 1n pre-driver DRVR 330-2
are twice the sizes of corresponding transistors 1n pre-driver
DRVR 330-1, sizes of transistors i pre-driver DRVR 330-3
are twice the sizes of corresponding transistors 1n pre-driver
DRVR 330-2, sizes of transistors in pre-driver DRVR 330-3
are twice the sizes of corresponding transistors 1n pre-driver
DRVR 330-2, efc.

In some embodiments, sizes of transistors in post driver
PDRVR 220 are larger than sizes of pre-driver 330-N, and are
selected based on a load of circuit 300 that 1s coupled with a
node NO30 (notlabeled) having voltage VO30. Other sizes of
post driver PDRVR 220 are within the scope of various
embodiments.

In various embodiments of the present disclosure, each
pre-driver 330 provides an additional driving strength to cir-
cuit 300. As a result, circuit 300 having more pre-drivers
DRVR 330 has a stronger driving strength than another circuit
300 having less pre-drivers DRVR 330. Various embodiments
of the present disclosure are advantageous over other
approaches because each pre-driver 330 has no or 1nsignifi-
cant static current. As a result, as additional pre-drivers 330
are added to circuit 300, no or insignificant static current
results 1 circuit 300. In contrast, pre-drivers in other
approaches have a significant static current. As a result, in the
other approaches, the plurality of pre-drivers corresponding
to pre-drivers DRVR 330 causes a significant static current to
the total power consumption of the circuit. Further, compared
with the embodiments of the present application, because the
pre-drivers according to the other approaches have more sig-
nificant static current, the number of pre-drivers added 1n a
circuit 1s more limited.

In some embodiments, a circuit comprises a first capacitive
device and a first latch. The first capacitive device includes a
first end configured to recerve a first input signal and a second
end coupled with the first latch. The first latch includes a first
transistor and a second transistor that are of a first type. A first
terminal of the first transistor and a first terminal of the second
transistor are each configured to recerve a first voltage value.
A second terminal of the first transistor 1s coupled with a third
terminal of the second transistor. A third terminal of the first
transistor 1s coupled with a second terminal of the second
transistor and with the second end of the capacitive device,
and 1s configured to provide an output voltage for the first
latch.

In some embodiments, a circuit comprises a first capacitive
device, a second capacitive device, at least one pre-driver
circuit, and a post driver circuit. The first capacitive device 1s
configured to recerve an iput signal and to generate a {first
capacitive output signal. The {first input signal swings
between a first voltage level and a second voltage level higher
than the first voltage level. The first capacitive output signal
swings between a third voltage level and a fourth voltage
level. The third voltage level 1s substantially the same as the
second voltage level, and the fourth voltage level 1s higher
than the third voltage level. The second capacitive device 1s
configured to recerve the input signal and to generate a second
capacitive output signal. The second capacitive output signal
swings between a {ifth voltage level and a sixth voltage level.
The fifth voltage level 1s substantially the same as the first
voltage level, and the sixth voltage level 1s substantially the
same as the second voltage level. The at least one pre-driver
circuit 1s configured to receive the first capacitive output
signal and to generate a first pre-driver output signal. The first
pre-driver output signal swings between a seventh voltage
level and an eighth voltage level. The seventh voltage level 1s
substantially the same as the third voltage level, and the
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8

cighth voltage level 1s substantially the same as the fourth
voltage level. The at least one pre-driver circuit 1s configured
to recerve the second capacitive output signal and to generate
a second pre-driver output signal. The second pre-driver out-
put signal swings between a minth voltage level and a tenth
voltage level. The ninth voltage level 1s substantially the same
as the first voltage level and the tenth voltage level 1s substan-
tially the same as the second voltage level. The post driver
circuit 1s configured to recerve the first pre-driver output
signal and the second pre-driver output signal, and to generate
a post-driver output signal. The post-driver output signal
swings between an eleventh voltage level and a twelith volt-
age level. The eleventh voltage level 1s substantially the same
as the first voltage level and the twellth voltage level 1s sub-
stantially the same as the sixth voltage level.

In some embodiments, a circuit comprises a first latch
having a first transistor of a first type and a second transistor
of the first type, a second latch having a first transistor of a
second type and a second transistor of the second type, and a
first circuit. A first terminal of the first-type first transistor and
a first terminal of the first-type second transistor are each
configured to recerve a first voltage value. A second terminal

of the first-type first transistor 1s coupled with a third terminal
of the first-type second transistor and with a second terminal
of the first circuit. A third terminal of the first-type first
transistor 1s coupled with a first terminal of the first circuit and
with a second terminal of the first-type second transistor, and
1s configured to generate an output voltage for the first latch.
A first terminal of the second-type first transistor and a first
terminal of the second-type second transistor are each con-
figured to receive a second voltage value. A second terminal
of the second-type first transistor 1s coupled with a third
terminal of the second-type second transistor and with a
fourth terminal of the first circuit. A third terminal of the
second-type first transistor 1s coupled with a third terminal of
the first circuit and with a second terminal of the second-type
second transistor, and 1s configured to generate an output
voltage for the second latch.

A number of embodiments have been described. It will
nevertheless be understood that various modifications may be
made without departing from the spirit and scope of the
disclosure. For example, various transistors being shown as a
particular dopant type (e.g., N-type or P-type Metal Oxide
Semiconductor (NMOS or PMOS)) are for 1llustration pur-
poses. Embodiments of the disclosure are not limited to a
particular type. Selecting diflerent dopant types for a particu-
lar transistor 1s within the scope of various embodiments. A
low or high logical value of various signals used 1n the above
description 1s also for illustration. Various embodiments are
not limited to a particular logical value when a signal 1s
activated and/or deactivated. Selecting different logical val-
ues 1s within the scope of various embodiments. In various
embodiments, a transistor functions as a switch. A switching
circuit used 1n place of a transistor 1s within the scope of
various embodiments. In various embodiments, a source of a
transistor can be configured as a drain, and a drain can be
configured as a source. Various figures show discrete capaci-
tors for illustration. Equivalent circuitry may be used. For
example, a capacitive device, circuitry or network (e.g., a
combination of capacitors, capacitive devices, circuitry, etc.)
can be used 1n place of the capacitor.

The above illustrations include exemplary steps, but the
steps are not necessarily performed 1n the order shown. Steps
may be added, replaced, changed order, and/or eliminated as
appropriate, 1 accordance with the spirit and scope of dis-
closed embodiments.




US 8,854,104 B2

What 1s claimed 1s:

1. A circuit comprising;:

a first capacitive device;

a first latch:

a second capacitive device;
a second latch; and

a first circuit,

wherein

the first capacitive device includes a first end and a
second end;

the first end 1s configured to receive a first input signal;

the first latch includes a first transistor and a second
transistor;

the first transistor and the second transistor are of a first
type;

a first terminal of the first transistor and a first terminal of
the second transistor are configured to receive a first
voltage value;

a second terminal of the first transistor 1s coupled with a
third terminal of the second transistor:

a third terminal of the first transistor 1s coupled with a
second terminal of the second transistor and with the
second end of the capacitive device, and 1s configured
to provide an output voltage for the first latch;

the second capacitive device includes a first end and a
second end;

the first end of the second capacitive device 1s configured
to recerve the first input signal;

the second latch includes a third transistor and a fourth
transistor:

the third transistor and the fourth transistor are of a
second type different from the first type;

the second end of the second capacitive device 1s
coupled with the second latch; and

the first circuit 1s coupled between the second end of the
first capacitive device and the second end of the sec-
ond capacitive device.

2. The circuit of claim 1, wherein

the first type 1s a P-type;

the first input signal swings between a second voltage value
and a third voltage value; and

the third voltage value 1s higher than the second voltage
value and 1s lower than the first voltage value.

3. The circuit of claim 2, wherein

based on the first input signal, the first capacitive device 1s
configured to generate a second nput signal at the sec-
ond end of the first capacitive device; and

the second mput signal swings between the third voltage
value and the first voltage value.

4. The circuit of claim 1, wherein

the first type 1s an N-type;

the first input signal swings between a second voltage value
and a third voltage value;

the second voltage value 1s substantially equal to the first
voltage value; and

the third voltage value 1s higher than the second voltage
value.

5. The circuit of claim 4, wherein

based on the first input signal, the first capacitive device 1s
configured to generate a second nput signal at the sec-
ond end of the first capacitive device; and

the second 1nput signal swings between the second voltage
value and the third voltage value.

6. The circuit of claim 1, wherein

a first terminal of the third transistor and a first terminal of
the fourth transistor are configured to receive a second
voltage value different from the first voltage value;
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a second terminal of the third transistor 1s coupled with a
third terminal of the fourth transistor; and

a third terminal of the third transistor 1s coupled with a
second terminal of the fourth transistor and with the
second end of the second capacitive device, and 1s con-
figured to provide an output voltage for the second latch.

7. The circuit of claim 6, wherein

the first type 1s P-type;

the second type 1s N-type;

the first input signal swings between the second voltage
value and a third voltage value; and

the third voltage value 1s higher than the second voltage
value and 1s lower than the first voltage value.

8. The circuit of claim 6, wherein

the first input signal swings between the second voltage
value and a third voltage value;

based on the first input signal, the second capacitive device
1s configured to generate a third 1nput signal at the sec-
ond end of the second capacitive device; and

the third 1input signal swings between the second voltage
value and the third voltage value.

9. The circuit of claim 6, wherein

the first circuit include a fifth transistor, a sixth transistor, a
seventh transistor, and an eighth transistor;

a first terminal of the fifth transistor 1s coupled with the
second end of the first capacitive device;

a second terminal of the fifth transistor, of the sixth tran-
sistor, of the seventh transistor, and of the eighth tran-
sistor are each configured to receive a bias voltage;

a third terminal of the fifth transistor 1s coupled with a third
terminal of the seventh transistor;

a first terminal of the sixth transistor 1s coupled with the
third terminal of the second transistor;

a third terminal of the sixth transistor 1s coupled with a third
terminal of the eighth transistor, and i1s configured to
provide an output voltage for the first circuit;

a first terminal of the seventh transistor 1s coupled with the
second end of the second capacitive device; and

a first terminal of the eighth transistor 1s coupled with the
third terminal of the fourth transistor.

10. The circuit of claim 6, wherein

the first circuit includes at least one first diode and at least
one second diode;

the at least one first diode 1s coupled between the second
end of the first capacitive device and the second end of
the second capacitive device; and

the at least one second diode 1s coupled between the third
terminal of the second transistor and the third terminal of
the fourth transistor.

11. The circuit of claim 6 further comprising a second

circuit, wherein

the second circuit comprises a fifth transistor, a sixth tran-
sistor, a seventh transistor, and an eighth transistor;

a first terminal of the fifth transistor 1s configured to receive
the first voltage value;

a second terminal of the fifth transistor 1s configured to
receive the output voltage of the first latch;

a third terminal of the fifth transistor 1s coupled with a first
terminal of the sixth transistor;

a second terminal of the fifth transistor and of the sixth
transistor are each configured to receive a second bias
voltage;

a third terminal of the sixth transistor and of the seventh
transistor are coupled together, and are configured to
provide an output voltage for the third circuit;

a first terminal of the seventh transistor 1s coupled with a
third terminal of the eighth transistor;
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a first terminal of the eighth transistor 1s configured to
receive the second voltage value; and

a second terminal of the eighth transistor 1s configured to
receive the output voltage of the second latch.

12. A circuit comprising:

a first capacitive device;

a second capacitive device;

at least one pre-driver circuit; and

a post driver circuit,

wherein

the first capacitive device 1s configured to recetve an
input signal and to generate a first capacitive output
signal, wherein the first input signal swings between a
first voltage level and a second voltage level higher
than the first voltage level, the first capacitive output
signal swings between a third voltage level and a
fourth voltage level, the third voltage level 1s higher
than the first voltage level, and the fourth voltage level
1s higher than the third voltage level;

the second capacitive device 1s configured to recerve the
input signal and to generate a second capacitive out-
put signal, wherein the second capacitive output sig-
nal swings between a fifth voltage level and a sixth
voltage level, the fifth voltage level 1s substantially the
same as the first voltage level, and the sixth voltage
level 1s higher than the fifth voltage level;

the at least one pre-driver circuit 1s configured to receive
the first capacitive output signal and to generate a first
pre-driver output signal, wherein the first pre-driver
output signal swings between a seventh voltage level
and an eighth voltage level, the seventh voltage level
1s substantially the same as the third voltage level and
the eighth voltage level 1s substantially the same as the
fourth voltage level;

the at least one pre-driver circuit 1s configured to receive
the second capacitive output signal and to generate a
second pre-driver output signal, wherein the second
pre-driver output signal swings between a minth volt-
age level and a tenth voltage level, the ninth voltage
level 1s substantially the same as the fifth voltage level
and the tenth voltage level 1s substantially the same as
the sixth voltage level,;

the post driver circuit 1s configured to receive the first
pre-driver output signal and the second pre-driver out-
put signal, and to generate a post-driver output signal,
wherein the post-driver output signal swings between
an eleventh voltage level and a twelfth voltage level,

the eleventh voltage level 1s substantially the same as
the first voltage level and the twelith voltage level 1s
substantially the same as the fourth voltage level;

a pre-driver circuit of the at least one pre-driver circuit
includes a first latch, a first circuit, and a second latch;
and

the first circuit 1s coupled between the first latch and the
second latch.

13. The circuit of claim 12, wherein

if the at least one pre-driver circuit has more than one
pre-driver circuit, sizes of transistors 1n a first pre-driver
circuit are smaller than sizes of transistors 1n a second
pre-driver circuit; and

the first pre-driver circuit drives the second pre-driver cir-
cuit.

14. The circuit of claim 12, wherein

the first latch has a first transistor of a first type and a second
transistor of the first type;

the second latch has a first transistor of a second type and a
second transistor of the second type;
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a first terminal of the first-type first transistor and a first
terminal of the first-type second transistor are each con-
figured to receive a first supply voltage value;

a second terminal of the first-type first transistor 1s coupled
with a third terminal of the first-type second transistor,
and with a second terminal of the first circuit;

a third terminal of the first-type first transistor 1s coupled
with a first terminal of the first circuit, and with a second
terminal of the first-type second transistor, and 1s con-
figured to generate an output voltage for the first latch;

a first terminal of the second-type first transistor and a first
terminal of the second-type second transistor are each
configured to receive a second supply voltage value;

a second terminal of the second-type first transistor 1s
coupled with a third terminal of the second-type second
transistor, and with a fourth terminal of the first circuat;
and

a third terminal of the second-type first transistor 1s
coupled with a third terminal of the first circuit and with
a second terminal of the second-type second transistor,

and 1s configured to generate an output voltage for the
second latch.

15. The circuit of claim 12, wherein the post driver com-

Prises:

a transistor of the first type, a gate of the transistor of the
first type being configured to receive the first pre-driver
output signal; and

a transistor of the second type, a gate of the transistor of the
second type being configured to receive the second pre-
driver output signal.

16. The circuit of claim 15, wherein

the gate of the transistor of the first type of the post driver
1s electrically coupled to a node of the first capacitive
device, the node of the first capacitive device being
configured to carry the first capacitive output signal; and

the gate of the transistor of the second type of the post
driver 1s electrically couple to a node of the second
capacitive device, the node of the second capacitive
device being configured to carry the second capacitive
output signal.

17. A circuit comprising:

a first latch having a first transistor of a first type and a
second transistor of the first type;

a second latch having a first transistor of a second type and
a second transistor of the second type; and

a first circuit,

wherein
a first terminal of the first-type first transistor and a first

terminal of the first-type second transistor are each
configured to receive a first voltage value;

a second terminal of the first-type first transistor is
coupled with a third terminal of the first-type second
transistor, and with a second terminal of the first cir-
cuit:

a third terminal of the first-type first transistor 1s coupled
with a first terminal of the first circuit, and with a
second terminal of the first-type second transistor, and
1s configured to generate an output voltage for the first
latch;

a {irst terminal of the second-type first transistor and a
first terminal of the second-type second transistor are
cach configured to receive a second voltage value;

a second terminal of the second-type {first transistor 1s
coupled with a third terminal of the second-type sec-
ond transistor, and with a fourth terminal of the first
circuit; and
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a third terminal of the second-type first transistor 1s
coupled with a third terminal of the first circuit and
with a second terminal of the second-type second
transistor, and 1s configured to generate an output
voltage for the second latch.

18. The circuit of claim 17 further comprising a first capaci-
tive device and a second capacitive device,
wherein

the first capacitive device 1s coupled with the first termi-
nal of the first circuit; and

the second capacitive device 1s coupled with the second
terminal of the first circuit.

19. The circuit of claim 18, further comprising a third
transistor of the first type, a fourth transistor of the first type,

10

a third transistor of the second type, and a fourth transistor of 15

the second type,
wherein

a first terminal of the first-type third transistor 1s config-
ured to recerve the first voltage value;

a second terminal of the first-type third transistor 1s
configured to recerve the output voltage of the first
latch;

a third terminal of the first-type third transistor is
coupled with a first terminal of the first-type fourth
transistor;

20

14

a second terminal of the first-type fourth transistor and a
second terminal of the second-type fourth transistor
are each configured to recetve a bias voltage;

a third terminal of the first-type fourth transistor 1s
coupled with a third terminal of the second-type
fourth transistor;

a lirst terminal of the second-type fourth transistor is
coupled with a third terminal of the second-type third
transistor;

a first terminal of the second-type third transistor is
configured to receive the second voltage value; and
a second terminal of the second-type third transistor 1s
configured to recerve the output voltage of the second
latch.
20. The circuit of claim 17, wherein
the first capacitive device and the second capacitive device
are each configured to receive an input signal;
the input signal swings between a third voltage value and a
fourth voltage value higher than the third voltage value;
the first voltage value 1s higher than the fourth voltage
value; and
the second voltage value 1s substantially the same as the
third voltage value.
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